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Abstract

Background: The association between pancreatic fistula (PF) after pancreaticoduodenectomy (PD) and preopera-
tive exocrine function is yet to be elucidated. This study aimed to evaluate the association between the preoperative
results of the 3C-trioctanoin breath test and the occurrence of PF, showing the clinical relevance of the breath test in
predicting PF.

Method: A total of 80 patients who underwent '*C-trioctanoin breath tests prior to PD from 2006 to 2018 were
included in this study. Univariate and multivariate analyses were conducted to reveal the preoperative predictors of
PF, showing the association between 13C-trioctanoin absorption and PF incidence.

Results: Among 80 patients (age, 68.0+£ 11.9 years, 46 males and 34 females; 30 pancreatic ductal adenocarcinoma
[PDAC]/50 non-PDAC patients), the incidence of PF was 12.5% (10/80). Logistic regression analysis results revealed
that the frequency of PF increased significantly as the '>C-trioctanoin breath test value (Aa% dose/h) increased (odd's
ratio: 1.082, 95% confidence interval: 1.007-1.162, p =0.032). Moreover, the optimal cutoff value of the preoperative
fat absorption level to predict PF was 38.0 (sensitivity, 90%; specificity, 74%; area under the curve, 0.78; p =0.005).
Indeed, the incidence of PF was extremely higher in patients whose breath test value was greater than 38.0 (33%,
9/27) compared with that in patients with values less than 38.0 (1.8%, 1/53).

Conclusions: Favorable preoperative fat absorption evaluated using the '*C-trioctanoin breath test is a feasible and
objective predictor of PF after PD.
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Background

Postoperative mortality after pancreaticoduodenec-
tomy (PD) has been decreasing, especially in high-vol-
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respectively, according to Japan’s National Clinical Data-
base [1]. However, postoperative pancreatic fistula (PF)
is still a significant threat to both patients and pancre-
atic surgeons because it sometimes causes fatal postop-
erative intra-abdominal bleeding [2, 3] and abscess [4, 5],
and its incidence is still reported to be high (11-29.4%)
in patients with soft pancreas [6—8]. Therefore, there is
a need to elucidate the global preoperative risk factors
for PF, and several studies have shown preoperative risk
factors such as obesity, fatty pancreas, narrow pancreatic
duct, male sex, and surgical techniques [9-11]. However,
most predictors may indirectly affect the incidence of
PE. In contrast, we conjectured that preoperative favora-
ble exocrine function, which could be associated with a
normal pancreas, directly affects the incidence of PF, due
to disruption of the anastomotic site caused by exces-
sive secretion of pancreatic juice after PD. However, this
assumption remains unclear because it is still clinically
challenging to address preoperative exocrine function,
which is mainly represented by fat absorption.

Regarding evaluation of pancreatic exocrine functions,
several studies have already reported the relevance of var-
ious pancreatic function tests [12—17], including N-ben-
zoyl-L-trypsyl-p-aminobenzoic acid, fecal chymotrypsin,
and fecal elastase-1 (FE-1) testing; fecal fat excretion
test; and '3C-trioctanoin breath test. Among these, the
13C-trioctanoin breath test does not require urine or stool
collection and is not affected by the patient’s hepatorenal
function; thus, we consider it possibly more acceptable
in evaluating perioperative pancreatic exocrine function.
This study aimed to evaluate the association between the
results of the preoperative *C-trioctanoin breath test
and the occurrence of PF, showing the clinical relevance
of the breath test in predicting PF.

Methods

This study included 80 PD patients who provided preop-
erative consent for the '3C-trioctanoin breath test from
2006 to 2018 and precisely evaluated the perioperative
course and factors associated with PE. The *C-triocta-
noin breath test, which directly and objectively reflects
the ability of fat absorption, was performed one to three
times before the operation.

Patients who could consume regular meals before the
operation were considered eligible for this study. Patients
who could not consume regular meals for any reason or
those with symptoms due to gastrointestinal obstruction
were excluded because the breath test could not be per-
formed properly. Pancreatic enzymes and other digestive
enzymes were discontinued from the day before the test
for all the patients. All patients fasted overnight prior to
the breath test. Breath samples were collected in 100-mL
bags using a one-way check valve. Samples were obtained
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15 min prior to the test and 0, 5, 10, 15, 20, 30, 40, 50,
60, 75, 90, 105, 120, 135, 150, 165, 180, 210, and 240 min
after oral administration of *C-trioctanoin included in
the diet (Lacol 200 kcal/200 mL + fat component, 20 g).
Fat absorption was evaluated by Aa (Aa=area under the
curve [AUC] oo Kel x Vd) [Kel, 0.35; Vd, distribution vol-
ume] using POCone®, which is the specific analyzer of
13CO, concentration in exhaled air. In the present study,
preoperative fat absorption levels were retrospectively
compared between the groups with and without PF. The
Medical Ethics Committee of the Fujita Health Univer-
sity School of Medicine approved the study protocol
(HM17165). In terms of the surgical procedure of PD,
the inferior pancreaticoduodenal artery (IPDA) was ini-
tially employed to reduce intraoperative blood loss [18].
A drain was removed until postoperative days (PODs) 5
to 7 as long as drain discharge was clear and drain amyl-
ase level was not as high as the upper limit of the serum
amylase level (132 U/mL).

In all patients, the amylase level of the abdominal
drainage fluid was measured until day 7 after PD. PF
was defined and graded according to the International
Study Group on Pancreatic Fistula classification [19]. In
the present study, the subjects were divided into patients
with clinically relevant grade B or C PF and those with
non-PF or biochemical leak. To identify preoperative and
intraoperative risk factors for PF, various factors were
compared between the two groups.

In terms of the surgical procedure of PD, the IPDA
approach was employed from 2007 [18]. Briefly, IPDA
was encircled and ligated before pancreatic resection to
reduce intraoperative blood loss (Fig. 1). For pancreato-
jejunostomy, the first-layer anastomosis was performed
through duct-to-mucosa anastomosis with 6-8 inter-
rupted sutures using 5-0 PDS II (Ethicon, Inc., Somer-
ville, NJ, USA). The second-layer anastomosis was
performed using the modified Kakita procedure with six
sutures using 3-0 Prolene [20]. A 5-F external pancreatic
stent tube was inserted into the remnant main pancreatic
duct in all 80 patients.

All statistical analyses were performed using the
statistical software package SPSS for Macintosh (ver-
sion 24.0, IBM, Armonk, NY, USA). Logistic regression
analysis was performed to determine the association
between the results of the preoperative breath test
and the incidence of PF. Pre- and intraoperative risk
factors associated with PF were analyzed using uni-
variate and multivariate analyses. The results of the
continuous variables are expressed as medians and
ranges, and statistical significance was evaluated using
the Mann—Whitney U test. Discrete variables were
evaluated through x* analysis or Fisher’s exact test, as
appropriate. Only variables with p-value of<0.05, as



Kato et al. BMC Surgery (2022) 22:49

Page 3 of 8

ransverse mesocolon

.

Fig. 1 Pancreaticoduodenectomy procedure. A IPDA initial approach. Before pancreatic resection, the IPDA is encircled and ligated, reducing the
amount of blood loss. B The dissection of the SMA plexus during PD. The common duct of the IPDA and J1a is encircled and then transected. SMA
superior mesenteric artery; IPDA inferior pancreaticoduodenal artery; J1a first jejunal artery; J2a second jejunal artery; PV portal vein; SMV superior

mesenteric artery

determined by univariate analysis, were included in
multivariate analysis by logistic regression analysis.
p-values of<0.05 were considered statistically signifi-
cant. Receiver operating characteristic (ROC) curve
analysis was employed to estimate the optimum cutoff
points for the '3C-trioctanoin breath test to predict PF.

Results

The preoperative backgrounds of the 80 patients are
shown in Table 1. In these patients, the median age
(range) was 69.5 (26—88) years old, and the number of
males and females was 46 and 34, respectively. The pri-
mary disease was pancreatic ductal adenocarcinoma
(PDAC) in 30 patients and non-PDAC in 50 patients.

In terms of preoperative laboratory data, the details
of blood cell counts and several nutritional markers are
described in Table 1. The median operation time (min)
and intraoperative blood loss (mL) were 469 (296—842)
min and 325 (23-4,900) g, respectively. Regarding the
incidence of PF, clinically relevant PF (more than grade
B according to the International Study Group Pancre-
atic Fistula criteria) was found in 10 out of 80 (12.5%)
patients. With regard to the results of breath test, the val-
ues of Aa before PD were 34.4 (16.4—69.7) dose/h.

First, we assessed how the results of the preoperative
breath test affected the frequency of postoperative PF
and found that the frequency of PF increased significantly
as the 13C-trioctanoin breath test value (Aa % dose/h)
increased (odd’s ratio: 1.082, 95% confidence interval:
1.007-1.162, p=0.032). The optimal cutoff value of the
preoperative fat absorption level to predict PF was 38.0

Table 1 Background  of
pancreaticoduodenectomy

who  underwent

PD (n=80)
Pre-operative variables
Age (years) 69.5 (26-88)
Gender (male/female) 46/34

Body weight (kg)
Diagnosis PDAC/non PDAC
Hemoglobin (g/dl)

White blood cell counts (/mm?)

Neutrophil (/mm?)
Lymphocyte (/mm?)
Total protein (mg/dl)
Albumin (mg/dl)
Serum amylase (U/1)
Total cholesterol
Breath test (%dose/h)

Intra-operative variables
Operation time (min)
Blood loss (g)

Diameter of main pancreatic duct

Pancreatic texture (soft/hard)
Post-operative variables
Pancreatic fistula (yes/no)

51.5(33.0-96.0)
30/50

12.7 (8.7-15.9)
5200 (620-11,300)
3200 (1365-8512)
1470 (400-2940)
6.9 (5.7-8.3)
40(2.5-5.0)

90 (12-604)

182 (120-282)
344 (16.4-69.7)

469.0 (296-842)
325 (23-4900)
3.0(1.3-123)
46/34

10/70

PDAC pancreatic ductal adenocarcinoma

(sensitivity, 90%; specificity, 75%; AUC, 0.78) according
to the ROC curve (Fig. 2A). Indeed, the incidence of PF
was extremely higher in patients whose breath test value
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Fig.2 A Receiver operating characteristic (ROC) curve. The cutoff point of the 13C breath test (Aa) is 38.0% dose/h (AUC: 078). B The incidence of
POPF according to the cutoff value (Aa)

was greater than 38.0 (33%, 9/27) compared with that in
patients with values less than 38.0 (1.8%, 1/53) (Fig. 2B).
Second, to determine the superiority of the breath
test over other preoperative predictors of PF, univariate
and multivariate analyses were conducted. As shown in
Table 2, univariate analysis comparing preoperative risk
factors between the PF and non-PF groups identified

PDAC (p=0.009), soft pancreatic texture (p=0.038), and
high levels of the *C-trioctanoin breath test (p=0.005)
as significant risk factors for PF. Indeed, when comparing
the levels of *C-trioctanoin absorption between the PF
and non-PF groups, the preoperative fat absorption level
was significantly higher in the PF group than that in the
non-PF group (40.2 vs. 34.4, p=0.005).

Table 2 Univariate analysis for identifying risk factor of PF

Non-PF (n=70) PF (n=10) p-value
Pre-operative variables
Age (years) 69.0 (43-88) 71.0 (26-79) 0.961
Gender (male/female) 38/32 8/2 0.114
Body weight (kg) 50.6 (33.0-83.5) 63.9 (44.3-96.0) 0.075
Diagnosis PDAC/non PDAC 30/40 0/10 *0.009
Hemoglobin (g/dl) 12.8 (8.9-15.6) 12.1(9.1-15.9) 0.708
White blood cell counts (/mm?) 5100 (3300-11,300) 4950 (2100-8000) 0.782
Neutrophil (/mm?) 3245 (2046-8512) 2718 (1365-4880) 0.106
Lymphocyte (/mm?) 1428 (630-2438) 1760 (400-2940) 0.135
Total protein (mg/dl) 6.9 (4.7-8.3) 6.6 (6.7-7.8) 0.923
Albumin (mg/dl) 40 (2.5-4.7) 4.0 (2.7-5.0) 0.857
Serum amylase (U/1) 90 (12-604) 945 (45-218) 0.903
Total cholesterol 179 (120 -282) 195 (120-282) 0.295
Breath test (%dose/h) 334 (16.3-69.6) 40.2 (29.1-51.4) *0.005
Intra-operative variables
Operation time (min) 466.5 (296-842) 489.0 (338-607) 0.813
Blood loss (g) 325.5 (23-4900) 321.0 (205-1545) 0.745
Diameter of main pancreatic duct 32(1.3-123) 2.3(1.8-5.7) 0.125
Pancreatic texture (soft/hard) 37/33 9/1 *0.038

PF pancreatic fistula, PDAC pancreatic ductal adenocarcinoma
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By multivariate analysis (Table 3), preoperative 3C-tri-
octanoin breath test values>38.0% dose/h were selected
as the most independent risk factor for PF (p=0.001;
odds ratio, 16.7).

Moreover, we focused on the association between the
incidence of PF and the '3C-trioctanoin breath test value
of >38.0% dose/h in non-PDAC patients only, consider-
ing that the prediction of PF in non-PDAC cases, which
are mostly soft pancreas, is an urgent issue to be solved.
As shown in Fig. 3A, the ROC curve revealed that the
cutoff value was 37.9% dose/h (AUC: 0.78). The inci-
dence of PF was markedly high (39.0%, 9/23) in patients
with favorable preoperative fat absorption, whereas it
was 3.7% (1/27) in patients with unfavorable absorption
(Fig. 3b). When the postoperative maximum drain amyl-
ase level (U/L) was compared based on the results of the
preoperative breath test, the drain amylase levels were

Table 3 Results of multivariate analysis for identifying risk factor

of PF

Variables 0Odd’s ratio 95% Cl p-value
PDAC Not applicant*  0.00-0.00 0.998
Soft pancreatic texture 1.46 0.121-1761  0.766

Preoperative breath test (>38) 17.1 1.948-150.26 0.010

There is no patients with PF in PDAC group

PDAC pancreatic ductal adenocarcinoma
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significantly higher in patients with Aa>38.0% dose/h
than in patients with Aa<38.0 dose/h (Fig. 4).

Discussion

In the present study, we found that 3C-trioctanoin
absorption (>38.0% dose/h) was a strong preoperative
physiological predictor of PF after PD in not only the
overall cohort, but also in non-PDAC patients whose
pancreatic parenchyma could be soft.

3C-trioctanoin breath tests have been employed in
clinical settings to evaluate pancreatic exocrine defi-
ciency by detecting fat malabsorption through the gut
after pancreatectomies [21, 22]. Till now, however, there
have been few studies evaluating whether preoperative
exocrine function tests affect the incidence of PF after PD
[12, 23].

To predict the development of PF preoperatively, many
researchers have sought to identify the relevant risk fac-
tors such as high body mass index, fatty pancreas [10,
24, 25], male sex [26, 27], and untreated jaundice [28]
and developed a method for its prediction using vari-
ous imaging modalities such as computed tomography
(CT) configurations (narrow main pancreatic duct [10],
thick pancreatic parenchyma [10], pancreatic border [6],
CT attenuation value [29]), Magnetic resonance imaging
(MRI) findings [30], and pancreatic ultrasound elastogra-
phy [31, 32]. Although these predictors might be clinically

A
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Fig. 3 A Receiver operating characteristic (ROC) curve predicting PF in 50 non-PDAC patients. The cutoff point of the 13C breath test (Aa) is 37.9%
dose/h (AUC: 078). B The incidence of POPF according to the cutoff value (Aa %dose/h). The dissection of the SMA plexus during PD. The common
duct of the IPDA and J1a is encircled and then transected. SMA superior mesenteric artery; IPDA inferior pancreaticoduodenal artery; J1a first jejunal
artery; J2a second jejunal artery; PV portal vein; SMV superior mesenteric artery
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Fig. 4 Comparison of postoperative maximum drain amylase level
(U/L) according to the result of the preoperative breath test

useful, most of these factors are strongly associated with
the soft parenchymal condition, which causes techni-
cal difficulty during anastomosis. Therefore, whether
these risk factors are reproducible is also dependent on
the type of pancreato-enteral anastomosis and the matu-
rity of those procedures. Conversely, data obtained from
the '3C-trioctanoin breath test are more objective and
quantitative, and especially in patients with Aa>38.0%
dose/h, the PF incidence is extremely high regardless of
the parenchymal condition. A previous study reported
that the recovery of '*C-trioctanoin absorption after PD
was positively associated with the output of pancreatic
enzymes such as lipase, amylase, and chymotrypsin [15].
Thus, we speculated that the active production of pan-
creatic juice might be one of the major causes of PF after
PD and considered that the outcome of the present study
represented this aspect. In fact, our speculation is sup-
ported by the result showing that the postoperative maxi-
mum drain amylase level (U/L) was significantly higher
in patients with Aa>38.0% dose/h than in those with
Aa<38.0% dose/h (Fig. 4).

Previous reports evaluating the association between
PF and the results of pancreatic exocrine function tests
revealed that higher preoperative levels of FE-1 were pos-
itively associated with the development of postoperative
PF [12, 29]. However, there has been no study revealing
the association between the results of '*C-trioctanoin
breath test and the occurrence of PE. Therefore, to the
best of our knowledge, Aa of>38.0% dose/h can be con-
sidered the first physiological quantitative predictor of
PE.
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The clinical application of this study is challeng-
ing because prevention of PF is quite difficult even if
high-risk patients are identified preoperatively. The
administration of octreotide or somatostatin analogs is
a well-accepted pharmacological treatment of PF tar-
geting the secretion of pancreatic juice [33, 34]. Soma-
tostatin analogs reduce the volume of fistula output,
thereby potentially alleviating PF [35]. Octreotide has
also been considered to reduce the volume and potency
of both pancreatic exocrine secretions and hormone
production [36]. Since our study demonstrated that
favorable preoperative exocrine function, which pro-
duces high pancreatic juice output, is regarded as a
risk factor for PF, administration of these drugs might
become a key treatment for PF in these high-risk
patients. However, prospective or randomized control
studies are required to confirm this hypothesis.

The present study has several limitations. First, it
included only a small number of patients who provided
preoperative consent, and subject are not consecutive.
Second, this was a retrospective analysis, and the pre-
cise mechanism by which favorable pancreatic exocrine
function causes PF postoperatively could not be iden-
tified. Therefore, this study is regarded as exploratory
research. Nonetheless, our study could draw significant
attention to the association between PF and preopera-
tive pancreatic exocrine function.

Conclusions
In conclusion, favorable pancreatic exocrine function
evaluated by the *C-trioctanoin breath test preopera-
tively is a feasible and objective predictor of PF after
PD, paying attention to the development of PF in high-
risk patients.

Abbreviations

AUC: Area under the curve; FE-1: Fecal elastase-1; IPDA: The inferior pancrea-
ticoduodenal artery; PD: Pancreaticoduodenectomy; PDAC: Pancreatic ductal
adenocarcinoma; PF: Pancreatic fistula; POD: Postoperative day; ROC: Receiver
operating characteristic.

Acknowledgements
We would like to thank Editage (www.editage.jp) for English language editing.

Authors’ contributions

HK analyzed and drafted the manuscript. YA and AH participated in the data
collection and assisted with data interpretation. MI, NK, SA, MS, DK, C, KK, TK,
TO, HY, TH, DT, UK, HN, TU, and AH reviewed and revised the manuscript. All
authors read and approved the final manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author upon reasonable request.


http://www.editage.jp

Kato et al. BMC Surgery (2022) 22:49

Declarations

Ethics approval and consent to participate

This retrospective study was approved by the Ethics Committee of the Fujita
Health University School of Medicine (HM17165). The study was conducted
in accordance with the principles of the Declaration of Helsinki. Informed
consent was obtained from all patients before treatment.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Received: 29 June 2021 Accepted: 27 January 2022
Published online: 11 February 2022

References

1. Kimura W, Miyata H, Gotoh M, Hirai |, Kenjo A, Kitagawa Y, Shimada
M, Baba H, Tomita N, Nakagoe T. A pancreaticoduodenectomy risk
model derived from 8575 cases from a national single-race popula-
tion (Japanese) using a web-based data entry system: the 30-day and
in-hospital mortality rates for pancreaticoduodenectomy. Ann Surg.
2014;259(4):773-80.

2. Chipaila J, Kato H, lizawa Y, Motonori N, Noguchi D, Gyoten K, Hayasaki A,
Fujii T, Tanemura A, Murata Y, et al. Prolonged operating time is a signifi-
cant perioperative risk factor for arterial pseudoaneurysm formation and
patient death following hemorrhage after pancreaticoduodenectomy.
Pancreatology. 2020;20(7):1540-9.

3. AbeK, Kitago M, Shinoda M, Yagi H, Abe Y, Oshima G, Hori S, Yokose T,
Endo Y, Kitagawa Y. High risk pathogens and risk factors for postoperative
pancreatic fistula after pancreatectomy; a retrospective case-controlled
study. Int J Surg. 2020;82:136-42.

4. Okabayashi T, Maeda H, Nishimori |, Sugimoto T, Ikeno T, Hanazaki K. Pan-
creatic fistula formation after pancreaticooduodenectomy; for prevention
of this deep surgical site infection after pancreatic surgery. Hepatogastro-
enterology. 2009;56(90):519-23.

5. SugiuraT, Uesaka K, Ohmagari N, Kanemoto H, Mizuno T. Risk factor of
surgical site infection after pancreaticoduodenectomy. World J Surg.
2012;36(12):2888-94.

6. KusafukaT, Kato H, lizawa Y, Noguchi D, Gyoten K, Hayasaki A, Fujii T,
Murata Y, Tanemura A, Kuriyama N, et al. Pancreas-visceral fat CT value
ratio and serrated pancreatic contour are strong predictors of post-
operative pancreatic fistula after pancreaticojejunostomy. BMC Surg.
2020;20(1):129.

7. Hong SS, Chong JU, Hwang HK, Lee WJ, Kang CM. Laparoscopic pancrea-
ticoduodenectomy reduces incidence of clinically relevant postoperative
pancreatic fistula in soft pancreas with a smaller than 2 mm pancreatic
duct. Surg Endosc. 2021;16:1-10.

8. Cao Z LuoW,QiuJ, LiuY, Zheng L, Zhang T. Is invagination anastomosis
more effective in reducing clinically relevant pancreatic fistula for soft
pancreas after pancreaticoduodenectomy under novel fistula criteria: a
systematic review and meta-analysis. Front Oncol. 2020;10:1637.

9. Strasberg SM, Drebin JA, Soper NJ. Evolution and current status of the
Whipple procedure: an update for gastroenterologists. Gastroenterology.
1997;113(3):983-94.

10. Sugimoto M, Takahashi S, Kojima M, Kobayashi T, Gotohda N, Konishi M.
In Patients with a soft pancreas, a thick parenchyma, a small duct, and
fatty infiltration are significant risks for pancreatic fistula after pancreati-
coduodenectomy. J Gastrointest Surg. 2017,21(5):846-54.

11. Casadei R, Ricci C, Ingaldi C, Alberici L, De Raffele E, Minni F. Compari-
son of blumgart anastomosis with duct-to-mucosa anastomosis and
invagination pancreaticojejunostomy after pancreaticoduodenectomy:
a single-center propensity score matching analysis. J Gastrointest Surg.
2020;25:411-20.

12. Giuliani T, Andrianello S, Bortolato C, Marchegiani G, De Marchi G, Malleo
G, Frulloni L, Bassi C, Salvia R. Preoperative fecal elastase-1 (FE-1) adds
value in predicting post-operative pancreatic fistula: not all soft pancreas

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 7 of 8

share the same risk - A prospective analysis on 105 patients. HPB (Oxford).
2020;22(3):415-21.

. Ahmadu-Suka F, Gillette EL, Withrow SJ, Husted PW, Nelson AW, White-

man CE. Exocrine pancreatic function following intraoperative irradiation
of the canine pancreas. Cancer. 1988;62(6):1091-5.

. Erchinger F, @vre AKN, Aarseth MM, Engjom T, Brgnstad |, Dimcevski G,

Gudbrandsen OA, Tjora E. Fecal fat and energy loss in pancreas exocrine
insufficiency: the role of pancreas enzyme replacement therapy. Scand J
Gastroenterol. 2018;53(9):1132-8.

. Kato H, Nakao A, Kishimoto W, Nonami T, Harada A, Hayakawa T, Takagi

H. 13C-labeled trioctanoin breath test for exocrine pancreatic function
test in patients after pancreatoduodenectomy. Am J Gastroenterol.
1993;88(1):64-9.

. Yamaguchi K, Yokohata K, Nakano K, Ohtani K, Ogawa Y, Chijiiwa K,

Tanaka M. Which is a less invasive pancreatic head resection: PD, PPPD, or
DPPHR? Dig Dis Sci. 2001;46(2):282-8.

. Dominguez-Mufioz JE. Role of pancreatic function tests for the diagnosis

of chronic pancreatitis: which tests and how should they be performed in
clinical practice? Clin Pancreatol Pract Gastroenterol Surg. 2021,24:250-4.

. Horiguchi A, Ishihara S, Ito M, Nagata H, Shimizu T, Furusawa K, Kato R,

Katada K, Miyakawa S. Pancreatoduodenectomy in which dissection
of the efferent arteries of the head of the pancreas is performed first. J
Hepatobiliary Pancreat Surg. 2007;14(6):575-8.

. Bassi C, Marchegiani G, Dervenis C, Sarr M, Hilal MA, Adham M, Allen

P, Andersson R, Asbun HJ, Besselink MG. The 2016 update of the Inter-
national Study Group (ISGPS) definition and grading of postoperative
pancreatic fistula: 11 years after. Surgery. 2017;161(3):584-91.

Kakita A, Yoshida M, Takahashi T. History of pancreaticojejunostomy in
pancreaticoduodenectomy: development of a more reliable anastomosis
technique. J Hepatobiliary Pancreat Surg. 2001;8(3):230-7.

Miyakawa S, Niwamoto N, Horiguchi A, Hanai T, Mizuno K, Ishihara S,
Miura K. Fat absorption after pylorus-preserving pancreatoduodenec-
tomy reconstructed with Billroth Il pancreaticojejunostomy or Billroth |
pancreaticogastrostomy. Hepatogastroenterology. 2000;47(31):264-8.
Horiguchi A, Miyakawa S, Ishihara S, Ito M, Asano Y, Furusawa K, Shimizu
T, Yamamoto T. Surgical design and outcome of duodenum-preserving
pancreatic head resection for benign or low-grade malignant tumors. J
Hepatobiliary Pancreat Sci. 2010;17(6):792-7.

Sato N, Yamaguchi K, Yokohata K, Shimizu S, Morisaki T, Mizumoto K,
Chijiiwa K, Tanaka M. Preoperative exocrine pancreatic function predicts
risk of leakage of pancreaticojejunostomy. Surgery. 1998;124(5):871-6.
Gaujoux S, Cortes A, Couvelard A, Noullet S, Clavel L, Rebours V, Lévy P,
Sauvanet A, Ruszniewski P, Belghiti J. Fatty pancreas and increased body
mass index are risk factors of pancreatic fistula after pancreaticoduo-
denectomy. Surgery. 2010;148(1):15-23.

Mathur A, Pitt HA, Marine M, Saxena R, Schmidt CM, Howard TJ, Nakeeb
A, Zyromski NJ, Lillemoe KD. Fatty pancreas: a factor in postoperative
pancreatic fistula. Ann Surg. 2007,246(6):1058-64.

Hu B-Y, Wan T, Zhang W-Z, Dong J-H. Risk factors for postoperative pan-
creatic fistula: analysis of 539 successive cases of pancreaticoduodenec-
tomy. World J Gastroenterol. 2016;22(34):7797.

Ferrone CR, Warshaw AL, Rattner DW, Berger D, Zheng H, Rawal B,
Rodriguez R, Thayer SP, Fernandez-del Castillo C. Pancreatic fistula rates
after 462 distal pancreatectomies: staplers do not decrease fistula rates. J
Gastrointest Surg. 2008;12(10):1691-7.

Liang T-B, Bai X-L, Zheng S-S. Pancreatic fistula after pancreaticoduo-
denectomy: diagnosed according to International Study Group Pancre-
atic Fistula (ISGPF) definition. Pancreatology. 2007;7(4):325-31.

Kang JH, Park JS, Yu JS, Chung JJ, Kim JH, Cho ES, Yoon DS. Prediction

of pancreatic fistula after pancreatoduodenectomy by preoperative
dynamic CT and fecal elastase-1 levels. PLoS ONE. 2017;12(5):e0177052.
ShiY, LiuY, Gao F, Liu Y, Tao S, Li Y, Glaser KJ, Ehman RL, Guo Q. Pancreatic
stiffness quantified with MR elastography: relationship to postopera-
tive pancreatic fistula after pancreaticoenteric anastomosis. Radiology.
2018;288(2):476-84.

D'Onofrio M, Tremolada G, De Robertis R, Crosara S, Ciaravino V, Cardobi
N, Marchegiani G, Pulvirenti A, AllegriniV, Salvia R. Prevent pancreatic
fistula after pancreatoduodenectomy: possible role of ultrasound elas-
tography. Dig Surg. 2018;35(2):164-70.

Hatano M, Watanabe J, Kushihata F, Tohyama T, Kuroda T, Koizumi M,
Kumagi T, Hisano Y, Sugita A, Takada Y. Quantification of pancreatic



Kato et al. BMC Surgery

33

34.

35.

36.

(2022) 22:49

stiffness on intraoperative ultrasound elastography and evalua-

tion of its relationship with postoperative pancreatic fistula. Int Surg.
2015;100(3):497-502.

LiT, D'Cruz RT, Lim SY, Shelat VG. Somatostatin analogues and the risk of
post-operative pancreatic fistulas after pancreatic resection—a system-
atic review & meta-analysis. Pancreatology. 2020;20(2):158-68.

Schorn S, Vogel T, Demir IE, Demir E, Safak O, Friess H, Ceyhan GO. Do
somatostatin-analogues have the same impact on postoperative morbid-
ity and pancreatic fistula in patients after pancreaticoduodenectomy
and distal pancreatectomy? A systematic review with meta-analysis of
randomized-controlled trials. Pancreatology. 2020;20:1770.

Van Buren G, Vollmer CM. The landmark series: mitigation of the postop-
erative pancreatic fistula. Ann Surg Oncol. 2020;28:1052.

Williams ST, Woltering EA, O'Dorisio TM, Fletcher WS. Effect of octreotide
acetate on pancreatic exocrine function. Am J Surg. 1989;157(5):459-62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The usefulness of preoperative exocrine function evaluated by the 13C-trioctanoin breath test as a significant physiological predictor of pancreatic fistula after pancreaticoduodenectomy
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


